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[57) - ABSTRACT

The present invention provides a paper feeding apparatus for
a printer wherein a paper feed roller can be driven to rotate
with a high degree of accuracy to achieve feeding of a paper
sheet with a very high degree of accuracy. The paper feeding
apparatus for a printer comprises a paper feed motor con-
stituted from a stepping motor, a motor gear driven to rotate
by the paper feed motor, a paper feed roller disposed for
rotation for transporting a recording sheet to a printing
position, the length of an outer periphery of the paper feed
roller being set equal to N line feed distances, a paper feed
gear for driving the paper feed roller to rotate, at least one
transmission gear for transmitting rotating force of the motor
gear to the paper feed gear, a detection element formed on
the paper feed roller and indicating a reference position of
the paper feed roller, a detector for detecting the detection
element and generating a detection signal, and a control
apparatus for receiving the detection signal from the detector
and controlling driving of the paper feed motor so that, upon
starting of paper feeding, the paper feed roller may be
positioned mormally at the reference position.

4 Claims, 4 Drawing Sheets
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PAPER FEEDING APPARATUS FOR
PRINTER

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a paper feeding apparatus for a
printer, and more particularly to a paper feeding apparatus
for a printer by which paper can be fed with a high degree
of accuracy.

2. Description of the Prior Art

Various printers have conventionally been used wherein a
print head is driven in response to a desired printing signal
to perform desired printing on paper.

FIG. 5 shows one of such conventional popular printers.
Referring to FIG. §, a platen 2 in the form of a flat plate is
disposed at a substantially central location of a frame 1 of
the printer such that a printing face thereof extends substan-
tially vertically. A carriage shaft 3 is disposed 1n parallel to
the platen 2 at a location of the frame 1 forwardly below the
platen 2. A guide portion 4 in the form of a flange 1s formed
at a front end edge of the frame 1, and a carriage 5 is
mounted on the carriage shaft 3 and the guide portion 4 for
back and forth movement along the carriage shaft 3 and the
guide portion 4. A print head 6 is mounted at an end portion
of the carriage 5 such that it is opposed to the platen 2 and
is driven to move into and out of contact with the platen 2
by a driving mechanism not shown. A ribbon cassette (not
shown) 1n which an 1nk ribbon 1s accommodated 1s remov-
ably mounted on an upper face of the carriage 5 such that the
ink ribbon therein is guided between the print head 6 and the
platen 2. Further, a take-up bobbin 7 for taking up the ink
ribbon of the ribbon cassette and a supply bobbin 8 for
supplying the ink ribbon are disposed on the upper face of
the carriage 5. |

A paper insertion opening 9 is formed rearwardly of the
platen 2 for feeding a paper sheet (not shown) to a location
forwardly of the platen 2 therethrough, and a pair of paper
feed rollers 10 for transporting the paper sheet at a prede-
termined speed are disposed adjacent the paper insertion
opening 9. A pair of contact rollers 11 are disposed for
rotation below the paper feed rollers 10 such that they are
individually contacted under pressure by the paper feed
rollers 10. A paper feed gear 12 is disposed projectingly on
one side face of the frame 1 and 1s mounted coaxially with
the paper feed rollers 10. A motor gear 15 of a paper feed
motor 14 is connected to the paper feed gear 12 by way of
a plurality of transmission gears 13 so that, when the paper
feed motor 14 is energized, the paper feed rollers 10 are
rotated by way of the motor gear 18, the transmission gears
13 and the paper feed gear 12 so that a paper sheet which has
been inserted through the paper insertion opening 9 and is
held between the paper feed rollers 10 and the contact rollers
11 is transported by the paper feed rollers 10 and the contact
rollers 11.

In the conventional printer described above, a paper sheet
is inserted through the paper insertion opening 9 until it is
held between the paper feed rollers 10 and the contact rollers
11, and the paper feed rollers 10 are driven to rotate by the
paper feed motor 14 so that the paper sheet is transported at
a predetermined speed in a direction perpendicular to the
direction of movement of the carriage 5. Further, while the
print head 6 is held in contact under a predetermined
pressing force with the paper sheet, the carriage 5 is moved
and the take-up bobbin 7 is rotated to take up the ink ribbon
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of the ribbon cassette while the print head 6 is driven in
response to a desired printing signal to perform desired
printing on the paper sheet.

In the conventional printer of the construction described
above, however, since the motor gear 15, the transmission
gears 13 and the paper feed gear 12 are set to a predeter-
mined gear ratio so that, when a paper sheet is fed, the paper
feed rollers 10 can be driven to rotate by an amount equal to
a predetermined one line feed (line space) distance in
response to rotation of the paper feed motor 14, for example,
if the paper feed motor 14 is driven to rotate the motor gear
15 1n order to rotate the paper feed rollers 10 by an amount
equal to the one line feed distance from a condition shown
in FIG. 6A, then the amounts of rotation of the motor gear
15, the transmission gears 13 and the paper feed gear are
different from one another as seen from FIG. 6B. Conse-
quently, even if the motor gear 15 is driven to rotate with a
high degree of accuracy by the paper feed motor 14, the
paper feed gear 12 suffers from a great error in rotation
arising from errors in dimension of and errors in meshing
engagement between the motor gear 15, the transmission
gears 13 and the paper feed gear 12. Accordingly, the
conventional printer i1s disadvantageous in that a high degree
of accuracy cannot be assured in feeding of a paper sheet by
the paper feed rollers 10.

Therefore, in order to drve the paper feed rollers 10 with
a high degree of accuracy, all of the motor gear 15, the
transmission gears 13 and the paper feed gear 12 must be
produced with a high degree of accuracy. This, however, is
actually very difficult, and it 1s very difficult to assure a high
degree of accuracy in feeding of a paper sheet.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a paper
feeding apparatus for a printer wherein a paper feed roller
can be driven to rotate with a high degree of accuracy to
achieve feeding of a paper sheet with a very high degree of
accuracy even where transmission gears have errors in
dimension and so forth.

In order to attain the object described above, according to
an aspect of the present invention, there is provide a paper
feeding apparatus for a printer, comprising:

a paper feed motor constituted from a stepping motor;
a motor gear driven to rotate by the paper feed motor;

a paper feed roller disposed for rotation for transporting a
recording sheet to a printing position;

a paper feed gear for driving the paper feed roller to-
rotate; and

at least one transmission gear for transmitting rotating
force of the motor gear to the paper feed gear;

the length of an outer periphery of the paper feed roller
being set equal to N line feed distances;

the gear ratio of the motor gear, the transmission gear and
the paper feed gear being set so that the transmission
gear may stop normally at a rotation starting position
by 1/N rotation of the paper feed roller.

The paper feeding apparatus for a printer may further

comprise.comprising:

a detection element formed on the paper feed roller and

indicating a reference position of the paper feed roller;

a detector for detecting the detection element and gener-
ating a detection signal; and

a control apparatus for receiving the detection signal from
the detector and controlling driving of the paper feed
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motor so that, upon starting of paper feeding, the paper
feed roller may be positioned normally at the reference
posttion.

In the paper feeding apparatus for a printer according to
the present invention, upon starting of paper feeding, the
paper feed motor 1s energized to rotate the paper feed roller
by way of the motor gear, the transmission gear and the
paper feed gear. Then, when the detection element of the
paper feed motor is detected by the detector, the paper feed
motor 1s stopped by the control apparatus in response to such
detection signal from the detector to position the paper feed
roller at the reference position. Thereafter, the paper feed
motor is energized to rotate the paper feed gear by way of
the motor gear and the transmission gear thereby to rotate
the paper feed roller to successively transport the recording
sheet by a predetermined amount to perform line feeding of
the recording sheet. In this instance, since the gear ratio of

the transmission gear is set so that, when the paper feed
roller 1s rotated by an amount equal to a 1/N line feed
distance, the transmission gear is stopped normally at the
rotation starting position, the transmission gear rotates by an
integral number of times without fail after starting until
completion of rotation of the motor gear. Consequently,
when rotation of the motor gear is transmitted to the paper
feed gear, even where the transmission gear has an error in
accuracy in dimension and/or an error in meshing engage-
ment, the transmission of rotation is not influenced by such
error or errors at all, and consequently, the accuracy in paper
feeding can be raised remarkably. Further, since the paper
feed roller is positioned normally at the reference position
upon starting of paper feeding, when the paper feed roller is
rotated, the paper feed roller will be rotationally positioned
normally at one of predetermined positions. Consequently,
even if an error in dimension occurs with the outer periphery
of the paper feed roller due to eccentricity or the like, paper
feeding can be performed with a fixed error amount.

According to another aspect of the present invention,
there 1s provided a paper feeding apparatus for a printer,
comprising: |

a paper feed motor constituted from a stepping motor;

a motor gear driven to rotate by the paper feed motor;

a paper feed roller disposed for rotation for transporting a
recording sheet to a printing position, the length of an
outer periphery of the paper feed roller being set equal
to N line feed distances;

a paper feed gear for driving the paper feed roller to
rotate,

at least one transmission gear for transmitting rotating
force of the motor gear to the paper feed gear;

a detection element formed on the paper feed roller and
indicating a reference position of the paper feed roller;

a detector for detecting the detection element and gener-
ating a detection signal;

storage means for storing N corrected driving pulse
numbers of the paper feed motor, which are corrected
so that the paper feeding amounts by individual line
feeding operations may be a fixed value based on the
eccentric condition of the paper feed roller, correspond-
ing to N line feeding operations; and

a control apparatus for receiving the detection signal from
the detector and controlling driving of the paper feed
motor so that, upon starting of paper feeding, the paper
feed roller may be positioned normally at the reference
position and for controlling driving of the paper feed
motor successively 1n accordance with the corrected
driving pulse numbers stored in the storage apparatus.

10

135

20

23

30

35

40

45

50

55

60

65

4

The paper feeding apparatus for a printer may further
comprise a paper detector for detecting presence or absence
of a paper sheet being transported, the paper detector being
disposed at a location on the upstream side of the printing
position in the paper feeding direction at which the distance
from the printing position is substantially equal to an inte-
gral number of times the one line feed distance.

In the paper feeding apparatus for a printer according to
the present invention, when the paper feed motor is ener-
gized to rotate the paper feed roller by way of the motor gear,
the transmission gear and the paper feed gear until the
detection element of the paper feed roller is detected by the
reference position detector, the paper feed roller is stopped
by the control apparatus in response to such detection signal
from the detector to position the paper feed roller at the
reference position. Then, a paper sheet is fed until a leading
end portion thereof i1s detected by the paper detector, and
then the number of driving pulses to be outputted to the
paper feed motor is controlled by the control apparatus in
accordance with the first corrected driving pulse number
stored in the storage apparatus so that the paper feed roller
is driven to feed the paper sheet to the printing starting
position to thus perform indexing of the paper sheet. In this
instance, since the distance from the paper detector to the
printing starting position 1s set equal to an integral number
of times the one line feed distance, as the control apparatus
controls the number of pulses to be outputted to the paper
feed motor in accordance with the corrected driving pulse
numbers stored in the storage apparatus, accurate paper
feeding can be performed with the corrected paper feeding
amount.

Then, after printing for one line is completed, the paper
feeding motor i1s energized by the control apparatus in
accordance with a corresponding one of the corrected driv-
ing pulse numbers stored in the storage apparatus to rotate
the paper feed roller by a one line feed distance to perform
line feeding of the paper sheet. When line feeding is per-
formed in this manner, the paper feed motor is driven in
accordance with the corresponding corrected driving pulse
number stored in the storage apparatus to drive the paper
feed roller, and after the paper feed roller makes one full
rotation by performing such line feeding operation repeti-
tively by N times, a line feeding operation is performed
successively 1n accordance with the corrected driving pulse
numbers of the storage apparatus beginning with the first
one of the corrected driving pulse numbers. Consequently,
even if the paper feed roller is formed in a somewhat
eccentric condition, accurate paper feeding can be per-
formed in accordance with the corrected paper feeding

-amounts.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic perspective view showing part of a
paper feeding apparatus for a printer according to a first
preferred embodiment of the present invention;

FIG. 2A 1s a diagrammatic view showing the positions of
gears of the paper feeding apparatus for a printer of FIG. 1
when a paper feeding operation is started and FIG. 2B is a
similar view but showing the positions of the gears when the
paper feeding operation is completed;

- FIG. 3 is a schematic diagrammatic view showing part of

‘a paper feeding apparatus for a printer according to a second

preferred embodiment of the present invention;

FIG. 4 is a flow cart illustrating operation of the paper
feeding apparatus for a printer of FIG. 3;
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FIG. 5 1s a schematic perspective view showing a general
construction of a conventional popular printer; and

FIG. 6A is a diagrammatic view showing the positions of

gears of a paper feeding apparatus of the conventional
printer shown in FIG. § when a paper feeding operation is
started and FIG. 6B 1s a similar view but showing the
positions of the gears when the paper feeding operation is
completed.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

A first preferred embodiment of the present invention will
be described below with reference to FIGS. 1,"2A and 2B.

FIGS. 1, 2A and 2B show a preferred embodiment of a
paper feeding apparatus for a printer according to the present
invention. A cylindrical paper feed roller 10 which also
serves as a platen of the printer is disposed for rotation, and
a carriage not shown on which a predetermined print head is
mounted is disposed in front of of the paper feed roller 10
for back and forth movement along the paper feed roller 10.

A paper feed gear 12 is mounted coaxially at an end
portion of a rotary shaft 16 of the paper feed roller 10, and
a paper feed motor 14 in the form of a stepping motor for
driving the paper feed roller 10 to rotate is disposed in the
proximity of the paper feed gear 12. A motor gear 15 is
securely mounted on a shaft 17 of the paper feed motor 14.
The motor gear 15 and the paper feed gear 12 are connected
to each other by way of a first transmission gear 13a, a
second transmission gear 136 and a third transmission gear
13c. Each of the transmission gears 13a, 13b and 13c has a
large gear portion 18 (18a to 18¢) formed on an outer
periphery thereof and has a small gear portion 19 (19a to
19¢) formed coaxially with the large gear portion 18 thereon.
The motor gear 15 is held in meshing engagement with the
large gear portion 18a of the first transmission gear 13a; the
small gear portion 19g of the first transmission gear 13a is
held in meshing engagement with the large gear portion 185
of the second transmission gear 13b; the small gear portion
195 of the second transmission gear 135 is held in meshing
engagement with the large gear portion 18c of the third
transmission gear 13¢; and the small gear portion 19¢ of the
third transmission gear 13c¢ is held in meshing engagement
with the paper feed gear 12. Consequently, rotation of the
paper feed motor 14 is transmitted to the paper feed gear 12
at a reduced speed by way of the transmission gears 13a, 135
and 13c.

Further, 1n the present embodiment, the gear ratio of the
transmission gears 13a, 13b and 13c is set so that, when the
paper feed roller 10 1s driven to rotate by an amount equal
to a one line feed distance, the transmission gears 13a, 135
and 13c may stop normally at respective rotation starrting
pOSItions.

For example, in order to perform paper feeding with a
fixed one line feed distance of 10.16 mm, where the reso-
lution of the paper feed motor 14 is 18°; the resolution in
paper feeding 1s 2,400 dpi; and the length of the outer
periphery of the paper feed roller 10 1s 50.8 mm and one full
rotation of the paper feed roller 10 feeds a paper sheet by a
distance equal to five line feed distances, the gear ratio of the
motor gear 15, the transmission gears 13a, 136 and 13c and
the paper feed gear 12 is set to 3:4:4:5. More particularly,
where the motor gear 15 has 14 teeth, the number of teeth
of the large gear portion 18a of the first transmission gear
13ashould be set to 42: the number of teeth of the small gear
portion 19a should be set to 14; the number of teeth of the
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6

large gear portion 186 of the second transmission gear 135
should be set to 56; the number of teeth of the small gear
portion 195 should be set to 14; the number of teeth of the
large gear portion 18c of the third transmission gear 13c
should be set to 56; the number of teeth of the small gear

portion 19¢ should be set to 14; and the number of teeth of
the paper feed gear 12 should be set to 70.

Further, a detection marker 20 serving as a detection
element is formed on an outer circumferential portion of an
end face of the paper feed roller 10, and a detector 21 for
detecting the detection marker 20 1s disposed in the prox-
imity of the end face of the paper feed roller 10. Further, a
control apparatus 22 for receiving a detection signal from
the detector 21 and controlling dniving of the paper feed
motor 14 1s provided. Thus, paper feeding is controlled by
the control apparatus 22 so that it is started normally from
a reference position of the paper feed roller 10 at which the

detection marker 20 is detected by the detector 21.

Operation of the present embodiment will be described
below.

First, in order to perform desired printing, the paper feed
motor 14 is energized to rotate the paper feed roller 10 by
way of the motor gear 15, the transmission gears:13a, 135
and 13c and the paper feed gear 12. When the detection
marker 20 of the paper feed roller 10 is detected by the
detector 21, the paper feed motor 14 is stopped by the
control apparatus 22 in response to such detection signal
from the detector 21 so that the paper feed roller 10 is
positioned to its reference position,

Then, a paper sheet will be inserted until it is brought into
contact with the paper feed roller 10, and the paper feed
motor 14 is energized to rotate the paper feed gear 12 by way
of the motor gear 15 and the transmission gears 13a, 13 and
13c¢ to rotate the paper feed roller 10 to transport the paper
sheet by a predetermined amount to perform line feeding of
the paper sheet. Then, the carriage is driven to move and the
print head is driven in response to a desired printing signal
to perform desired printing on the paper sheet.

In this instance, in the present embodiment, since the gear
ratio of the transmission gears 13a, 13b and 13c is set so that
when the paper feed roller 10 1s driven to rotate by an
amount equal to the one line feed distance, the transmission
gears 13a, 13b and 13c may always stop at their respective
rotation starting positions, if rotation of the motor gear 15 1s
started from a condition shown in FIG. 2A, then until the
rotation of the motor gear 15 is completed, each of the
transmission gears 13g, 136 and 13c¢ makes an integral
number of rotations without fail as seen from FIG. 2B.
Consequently, when rotation of the motor gear 18 is trans-
mitted to the paper feed gear 12, even if the transmission
gears 13a, 13b and 13¢ have errors in accuracy in dimension
and/or errors in accuracy in meshing engagement between
them, the transmission of the rotation is not influenced by
such errors at all. Consequently, the accuracy in paper
feeding can be raised remarkably. Then, the accuracy in
stopping position of the paper feed gear 12 which finally
determines the accuracy in paper feeding depends only upon
the accuracy of the paper feed gear 12. Accordingly, the
accuracy in paper feeding can be raised only by raising the
accuracy of the paper feed gear 12.

For example, in the case of the detailed construction
described above, when it is intended to feed a paper sheet by
the one line feed distance, if 960 driving pulses are applied
to the paper feed motor 14, then since the resolution of the
paper feed motor 14 is 18°, the paper feed motor 14 1s dniven

“ to rotate by 48 rotations. Then, as a result of such rotations
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of the paper feed motor 14, the motor gear 15 is driven to
rotate. Since the gear ratio of the motor gear 15, the
transmission gears 13a, 136 and 13¢ and the paper feed gear
12 1s set to 3:4:4:5, by the rotations of the motor gear 15, the
first transmission gear 13a is rotated by 16 rotations; the
second transmission gear 135 is rotated by 4 rotations; and
the third transmission gear 13c is rotated by one rotation.
Consequently, the paper feed gear 12 is rotated by 5
rotation. In this instance, since the length of the outer
periphery of the paper feed roller 10 is 50.8 mm, a paper
sheet can be fed by the one line feed distance of 10.16 mm.

Accordingly, in the present embodiment, since the gear
rat1io of the transmission gears 13a, 135 and 13c¢ is set so that,
when the paper feed roller 10 is driven to rotate by an
amount equal to the one line feed distance, the transmission
gears 13a, 136 and 13c may always stop at their respective
rotation starting positions, when rotation of the motor gear
15 1s transmitted to the paper feed gear 12, the transmission
of rotation is not influenced by errors in accuracy in dimen-
sion of and/or errors in accuracy in meshing engagement
between the transmission gears 13a, 135 and 13c¢. Conse-
quently, the accuracy in feeding of a paper sheet by the paper
feed roller 10 can be raised remarkably, and there is no
necessity of raising the accuracy in dimension of the trans-
mission gears 13a, and 13¢ and so forth to the limit.

Further, since the detection marker 20 is detected by the
detector 21 to position the paper feed roller 10 at the
reference position by means of the control apparatus 22 so
that paper feeding may be started normally from the refer-
ence position, when the paper feed roller 10 is rotated, it is
rotationally positioned normally at one of the fixed posi-
tions. Consequently, even if the outer periphery of the paper
feed roller 10 suffers from an error in dimension due to
eccentricity or the like, paper feeding can be performed with
a fixed error amount.

As described above, with the paper feeding apparatus for
a printer according to the present invention, since the gear
ratio of the transmssion gears is set so that, when the paper
feed roller 1s rotated by an amount equal to a 1/N line feed
distance, the transmission gears are stopped normally at the
respective rotation starting positions, when rotation of the
motor gear 1§ transmitted to the paper feed gear, the trans-
mission of rotation is not influenced by errors in accuracy in
dimension of and/of errors in meshing engagement between
the transmission gears, and consequently, the accuracy in
paper feeding by the paper feed roller can be raised remark-
ably and the accuracy in dimension of the transmission gears
and so forth need not be raised to the limit. Further, since the
paper feed roller is positioned normally at the reference
position upon starting of paper feeding, when the paper feed
roller is rotated, the paper feed roller will be rotationally
positioned normally at one of the fixed positions. Conse-
quently, even if an error in dimension occurs with the outer
periphery of the paper feed roller due to eccentricity or the
like, paper feeding can be performed with a fixed error
amount.

Subsequently, a second preferred embodiment of the
present invention will be described with reference to FIGS.
3 and 4. It is to be noted that like elements to those of the

first embodiment are denoted like reference numerals in
FIG. 3.

FIG. 8 shows another preferred embodiment of a paper
feeding apparatus for a printer according to the present
invention. A cylindrical paper feed roller 10 which serves
also as a platen of the printer is disposed for rotation, and a
carriage not shown is disposed forwardly of the paper feed
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roller 10 for back and forth movement along the paper feed
roller 10. Further, a print head not shown is carried on the
carriage in an opposing relationship to the paper feed roller
10. The print head is brought into and out of contact with a
paper sheet, which is transported by the paper feed roller 10,
by controlling the amount of rotation of a can mechanism
not shown.

Further, in the present embodiment, the length of the outer
periphery of the paper feed roller 10 is set equal to the length
of N line feed distances. For example, when a line feeding
operation of a fixed one line feed distance of 10.16 mm is
performed, the length of the outer periphery of the paper
feed roller 10 is set to 50.8 mm so that a paper sheet is fed

by five line feed distances by one full rotation of the paper
feed roller 10.

A paper feed gear 12 is mounted coaxially at an end
portion of a rotary shaft 16 of the paper feed roller 10, and
a paper feed motor 14 such as a stepping motor for driving
the paper feed roller 10 to rotate is disposed in the proximity
of the paper feed gear 12. A motor gear 15 is securely
mounted on a shait 17 of the paper feed motor 14, and the
motor gear 15 and the paper feed gear 12 are connected to
each other by way of a plurality of (three in the present
embodiment) transmission gears 13. Further, in the present
embodiment, the gear ratio of the motor gear 15 is set so that
the paper feed gear 12 can be driven to rotate by an amount
equal to the one line feed distance when the motor gear 15
rotates by a plural number (integral number) of times.
Consequently, when the paper feed motor 14 is energized to
rotate the motor gear 15 by a predetermined amount by a
plurality of times, the rotation is transmitted to the paper
feed gear 12 at a reduced speed by way of the transmission
gears 13 to rotate the paper feed gear 12 by an amount equal
to the one line feed distance.

Further, a detection marker 20 serving as a detection
clement is formed on an outer circumferential portion of an
end face of the paper feed roller 10, and a reference position
detector 21 for detecting the detection marker 20 is disposed
in the proximity of the end face of the paper feed roller 10.
Further, a paper detector 24 for detecting presence or
absence of a paper sheet being transported is disposed on the
upstream side of a printing position defined by the print
head. The paper detector 24 is particularly disposed at a
position at which the distance over which a paper sheet is fed
to the printing position after it is detected by the paper
detector 24 is substantially equal to an integral number
(including 1) of times the one line feed distance.

Furthermore, in the present embodiment, a control appa-
ratus 22 is provided which receives a detection signal from
the reference position detector 21 and another detection
signal from the paper detector 24 and controls driving of the
paper feed motor 14. A storage apparatus 23 such as a
memory 1s connected to the control apparatus 22. The
storage apparatus 23 stores in advance the numbers of
driving pulses of the paper feed motor 14 corrected in
accordance with a measurement amounts obtained by mea-
suring errors of the one line feed distance of the paper feed
roller 10 so that the amounts of a paper sheet to be fed when
line feeding operations by the one line feed distance are
performed by rotation of the paper feed roller 10 may be
fixed values in accordance with an eccentric condition of the
paper feed roller 10. For example, where the length of the
outer periphery of the paper feed roller 10 is set to 50.8 mm
so that a paper sheet may be fed by five line feed distances
by one rotation of the paper feed roller 10 as described
hereinabove, the amount of rotation of the paper feed roller
10 is corrected so that a paper sheet may be fed accurately
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by 10.16 mm by a one line feeding operation, and the
numbers of driving pulses necessary for such amounts of
rotation are stored into the storage apparatus 23. Such
corrected driving pulse numbers are stored by a quantity
(number) equal to the number of N line feeding operations
of the one line feed distance, that is, a quantity for one full
rotation of the paper feed roller 10. Thus, the control
apparatus 22 controls the number of driving pulses to be
outputted to the paper feed motor 14 in response to each of
the corrected driving pulse numbers stored in the storage

apparatus 23.

Subsequently, operation of the present embodiment will
be described with reference to the flow chart of FIG. 4.

First, in order to perform desired printing, the paper feed

motor 14 is energized to rotate the paper feed roller 10 by
way of the motor gear 15, the transmission gears 13 and the
paper feed gear 12 until any paper sheet remaining in the
inside of the printer 1s discharged outside. Then, when the
detection marker 20 of the paper feed roller 10 is detected by
the reference position detector 21, the paper feed motor 14
1s stopped by the control apparatus 22 in response to such
detection signal from the reference position detector 21 to
position the paper feed roller 10 at the reference position.

Then, a paper supply mechanism not shown 1s rendered
operative to feed a predetermined paper sheet until a leading
end portion of it is detected by the paper detector 24, and
then the paper feed roller 10 is energized to feed the paper
sheet to a printing start position to thus perform indexing of
the paper sheet. In this instance, in the present embodiment,
since the distance from the paper detector 24 to the printing
start position 1s set equal to an integral number of times the
one line feed distance, the paper sheet can be fed accurately
in accordance with a corrected paper feeding amount by
controlling the number of driving pulses to be outputted to
the paper feed motor 14 in response to a corresponding one
of the corrected driving pulse numbers stored in the storage
apparatus 23. For example, where the distance from the
paper detector 24 to the printing start position is set equal to
. the one line feed distance, the paper feed motor 14 is driven
in accordance with a first one of the corrected driving pulse
numbers stored in the storage apparatus 23.

Then, the carriage is driven while the print head is driven
in response to a desired printing signal to perform desired
printing on the paper sheet. After printing of one¢ line is
completed, the paper feed motor 14 is driven in accordance
with a second one of the corrected driving pulse numbers
stored in the storage apparatus 23 by the control apparatus
22 to rotate the paper feed roller 10 by an amount equal to
the one line feed distance to thus perform line feeding of the
paper sheet.

When line feeding is formed in this manner, the paper
feed motor 14 is driven to rotate the paper feed roller 10
successively in accordance with one of the corrected driving
pulse numbers stored in the storage apparatus 23, and after
the paper feed roller 10 rotates by one full rotation as a result
of N line feeding operations by repetition of the line feeding
operation described above, the line feeding operation is
successively performed in response to the corrected driving
pulse numbers stored in the storage apparatus 23 beginning
with the first one of the corrected driving pulse number.

Accordingly, in the present embodiment, since the paper
feed motor 14 1s successively driven in response to driving
pulses of the numbers stored in advance in the storage
apparatus 23 to perform paper feeding from a condition
wherein the detection marker 20 1s detected by the reference
position detector 21 and the paper feed roller 10 is posi-
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tioned at the reference position by the control apparatus 22,
even if the paper feed roller 10 is formed in a somewhat
eccentric condition, a paper sheet can be fed accurately in
accordance with the corrected paper feeding amounts, and
consequently, the accuracy in paper feeding by the paper
feed roller 10 can be raised remarkably. Further, in the
present embodiment, since the length of the outer periphery
of the paper feed roller 10 is set equal to N line feed
distances and only the corrected driving pulses numbers for
N successive line feeding operations are stored 1n the storage
apparatus 23, the storage apparatus 23 may have a small
storage capacity, and besides, control data based on the
corrected driving pulse numbers of the storage apparatus 23
can be produced rapidly. |

As described above, with the paper feeding apparatus for
a printer according to the present invention, following
advantages are provided. In particular, since the paper feed
motor is successively driven in response to driving pulses of
the numbers stored in advance in the storage apparatus to
perform paper feeding from a condition wherein the detec-
tion marker is detected by the reference position detector
and the paper feed roller is positioned at the reference
position by the control apparatus, even if the paper feed
roller 1s formed in a somewhat eccentric condition, a paper
sheet can be fed accurately in accordance with the corrected
paper feeding amounts, and consequently, the accuracy in
paper feeding by the paper feed roller can be raised remark-
ably. Further, in the present embodiment, since the length of
the outer periphery of the paper feed roller is set equal to N

line feed distances and only the corrected driving pulses
numbers for N successive line feeding operations are stored
in the storage apparatus, the storage apparatus may have a
small storage capacity, and besides, control data based on the
corrected driving pulse numbers of the storage apparatus can
be produced rapidly.

What is claimed is:

1. A paper feeding apparatus for transporting a recording
sheet in a feeding direction within a printer, the printer
including a print head for printing indicia onto the recording
sheet, the printed indicia being formed on print lines spaced
apart in the feeding direction by a predetermined line feed
distance, the paper feeding apparatus comprising:

a stepping motor including a motor gear,

at least one transmission gear meshed with the motor
gear; and

a paper feed roller for transporting the recording sheet, the
paper feed roller including a paper feed gear meshed
with the transmission gear such that rotation of the
stepping motor by a predetermined number of rotations
is transmitted through the transmission gear to rotate
the paper feed roller, thereby causing the recording
sheet to move 1n the feeding direction over the prede-
termined paper feed distance;

wherein an outer peripheral length of said paper feed
roller is equal to N times the predetermined line space
distance, where N 1s an integer; and

wherein the motor gear, the transmission gear and the
paper feed gear have gear ratios selected such that both
the transmission gear and the motor gear rotate integral
numbers of times and stop at predetermined rotation
starting positions each time the paper feed roller is
rotated to transport the recording sheet over the prede-
termined line space distance.

2. The paper feeding apparatus according to claim 1,

further comprising:

a detection element formed on said paper feed roller and

indicating a reference position of said paper feed roller;
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a detector for detecting said detection element and gen-
erating a detection signal; and

a controller for receiving the detection signal from said
detector and controlling driving of said paper feed
motor so that, upon starting a paper feeding operation,
said paper feed roller is positioned at the reference
position.

3

3. The paper feeding apparatus according to claim 2,

further comprising:
means for storing corrected driving pulse numbers for
said paper feed motor corresponding to a plurality of

line feed positions, wherein the stored corrected driving
pulse numbers are transmitted to the controller for

10

12

adjusting the paper feed motor in successive positions
in accordance with the corrected driving pulse num-
bers.

4. The paper feeding apparatus for a printer according to
claim 3, further comprising a paper detector for detecting
presence or absence of the recording sheet being transported,
said paper detector being disposed at a location on the
upstream side of the printing position in the paper feeding
direction at which the distance from the printing position is

substantially equal to an integral number of times the
predetermined line feed distance.

® Ok ok kK
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